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Transverse SSAs in pp scattering

In the parton model Ay is
expected to be small
A\ IS suppressed by 0. / P,

xF = 2plong /\/g
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Mechanisms in QCD

I.Transverse momentum dependent (TMD) functions
Clppr'OC(Ch Sivers function, Collins function ...

IT.Collinear factorization approach
At high transverse momenta : two twist-3 correlation functions
1. Quark-gluon correlation function 7, .
2. Two independent trigluon correlatlon functions T."/, T/

k. is integrated ) represent integrated spin dependence of the

partons transverse motion

Are the two mechanisms related?

do/dq, 4 PRL 97, 082002 (2006)
q,~Q coll. fact .Tq o) T(f) related to 3

ST moment in ki of the
@ corresponding quark/gluon
' q,;<<Q
l : ‘ } >q.l,

Sivers function
Aqen ' Case study : Drell-Yan
In the overlap region both approaches give the same answer/physics
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Processes sensitive to Sivers PPT = ntX

Asymmetries contain mixture of contributions from

*Sivers
*Transversity x Collins etc.

PRD 73,014020 (2006)

Different kinematics/probes sensitive to different contributions

pp->n"X
0.8 T T T
Sivers (quark)
0.7 - Sivers (gluon)
~~~~~~~~~~ h; X Collins (quark)
v 0.6 |
o < —— E704 data
0 .© 05 F
N -IS g Ejop=200 GeV pr=1.5GeV/c
E a - 04
it < PRELIMINARY
X < 03 [
S + '
s <
(@) 02
QO
01
0 Lo s

SRS (S R S TS
-1 -08 -06 -04 -02 O
XE

PP PRI IR B
02 04 06 08

—

*Quark Sivers large at large X
®Sensitive to gluon Sivers X:20
®A\ at large xg is mainly driven by valence quark properties: x > x¢
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PPT>nX: largest
contributions to Ay
come from Sivers
mechanism
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X; dependence: Twist-3 comparison

p'+p — 1°+X at s = 62.4 GeV

TN

PPT = oX
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Ay in X: bins: P; dependence ppT - noX
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Processes sensitive to gluon Sivers

~“20x better

N
o PH -ENIX
statistics

___________________

PPT > mOX

..........................

midrapidity N |

New results will
impose better
constraints on gluon
sivers



Constraints on gluon Sivers o070z
i ppT->DX
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Gluons cannot carry gg — cc unpolarized
transverse spin final quarks

ppT->DX can only be generated by the Sivers mechanism
—Possible to isolate gluon Sivers



Constraints on

*Quark Sivers
set to zero
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Constraints on trigluon correlations

| Single Sivers function — A\ forD = D |model trigluon correlation functions using

=z 0.25 ¢ ordinary unpolarized gluon distribution
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Accessing Sivers function

°If Sivers exist —a preference for  PRD69,094025
partons to have a component of k-l to

one side St
®left right imbalance in KL of the =
partons will affect the dg distribution

of jets nearly opposite to the first jet

- Two-hadron azimuthal T If there is Sivers 5
| correaltion in back to fUﬂCTiOH Sa ShlfT in

back : Unpolarized . . .
the distribution

P (Beam)
into page

hadron collisions
A shift will result ST? ST%
S'I% in an asymmetry -

4 ,
— direct access

% J'-L to Sivers
I T
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Accessing Sivers function

PP T —h;h,X back-to-back instead of dijets:
Possible to access the same physics

Y
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/ qtyp = pt2y’
/ qtxp = | pt1]| + pt2x’

/ @

JET Coord. System
XI

Measure the sum of two leading back-to-back hadrons’ transverse
momentum as qt
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Accessing Sivers function
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Asymmetry by q, projection:

PHENIX Preliminary —=— q, | tospinaxis

Ay is expected to be
small at midrapidity

V\\/_ —s— q || to spin axis
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*Sivers function is process dependent

*processes due to initial-state and final-
state interactions expected to give
asymmetries opposite in sign

*Both initial-state and final-state
interactions contribute to the Sivers
asymmetry for dijet production
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Beam

Similar analysis possible in
different combinations of rapidity
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Works in progress...




Transversity dq(x)

Transverse spin information at leading twist

1 !
A O, =0,  Measuredq X Interference
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¢ ¢

Transversity extraction will become possible with Interference Fragmentation
Function - BELLE has shown first observation of IFF asymmetries
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Exploring analysis with hadrons in forward region



Summary and Outlook

JGood physics program to study the transverse spin structure of the
nucleon at PHENIX
®»Non-zero single spin asymmetries in forward region
®»Different channels to understand different contributions to large
asymmetries
®»Central rapidity results: constraints on gluon Sivers

JOutlook
®»Measure di-hadron back-to-back asymmetries with large rapidity
combinations
®Explore IFF at forward rapidities
®»Check process dependence of Sivers mechanism:
measure Drell-Yan Sivers A, (Drell-Yan) = -A,, (DIS)
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Mechanisms in QCD

I. Transverse momentum dependent
(TMD) functions approach

Sivers function: k.,
*TMD distributions of unpolarized partons in a fransversely polarized nucleon
® correlation between the transverse spin of the nucleon and parton k.

Collins function:
*TMD fragmentation function

*Correlation between the transverse spin of a fragmenting quark and the
transverse momentum of the hadron

Sivers effect Quark transverse polarization x
Collins fragmentation function
1 1
fr(xk, ) ® Di(z) oq(x) ® Hi"(z,k, )

DEONINE OO OO

Sivers function unpol FF Transversity  Collins function




Mechanisms in QCD

IT. Collinear factorization approach
At high transverse momenta : two twist-3 correlation functions
1. Quark-gluon correlation function 7, -

2. Two independent trigluon correlatlon functions 7 0 A (@)

momentum k. is the partons transverse motion

Parton's fransverse :VI\ represent integrated spin dependence of
infegrated

Are the two mechanisms related?

do/dq, 4 PRL 97, 082002 (2006)
q,~Q coll. fact .Tq o) T(f) related to 3
moment in k. of the

@ corresponding quark/gluon

Sivers function

, (h.<<Q
i ' » (.
A —_— ' Case study : Drell-Yan

In the overlap region both approaches give the same answer/physics




-Q” = 2.4 GeV’ !

Phenomenology of Sivers function

<k— “)  If Sivers exist —a preference for ¢ St
+ partons to have a component of k.
to one side
<€ E—>
d : ky &
-k_> Orbital angular momentum of \ P into
*  partons is needed for a non the page
vanishing Sivers effect FLB530,99
->no quantitative relation yet
The sum of the transverse momenta
due to the Sivers mechanism from all Z <kici> =0

partons combined should vanish a

PRD 69, 091501

Eur. Phy J A39,89(2009) |Analysis of
SIDIS data

The sum rule is almost saturated by v and d quarks
Gluon Sivers function should be small

—10 < (k) < 48(MeV/¢)



Phenomenology of Sivers function

Distortion of quark densities as origin of asymmetry
Nucl. Phys. A735,185
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Hope to see similar lattice calculations for
o6k / k. densities in the transverse momentum
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Gluon Sivers and J/y production mechanisms

J/y production mechanisms
not well understood
pp scattering
- non-zero Ay, due to gluon Sivers

expected only in color-singlet model :
Only initial state interactions

—>zero Ay due to gluon Sivers in color
octet model : cancellation of initial and
final state interactions

PRD 78,014024

Color singlet model Color octet model
Only initial state interactions initial and final state interactions

Opportunity to understand J/y production mechanisms



